Abstract The aim of this study was to evaluate in a 24-weeks the effect of anti-TNF-alpha, infliximab, on cytogenetic biomarkers in peripheral lymphocytes of patients with rheumatoid arthritis (RA). A total of 40 patients with RA met the criteria to be treated with methotrexate (15 mg/week) were evaluated. Twenty patients, randomly selected, were treated with infliximab in addition to methotrexate (group I), whereas the other 20 patients continued with only methotrexate treatment (group M). Twenty healthy volunteers matched for age, gender and smoking habits served as control group (group C). At baseline, sister chromatid exchange rate was 7.20 ± 2.21 in group I, 7.40 ± 1.60 in group M and 4.97 ± 1.32 in group C (P \ 0.01 vs group I and M). After 24-weeks, sister chromatid exchange rate was 7.87 ± 2.54 in group I and 7.81 ± 1.95 in group M (P = ns). High frequency cells count was 4.9 % and 4.7 % in the groups I and M, respectively, at the end of the study (P = ns). The basal chromosomal aberration frequency was 4.90 % in group I and 5.20 % in groups M; after 24-weeks, this was 5.10 % in group I and 5.10 % in groups M (P = ns). Infliximab treatment, for 24 weeks, did not increase the cytogenetic biomarkers in patients with RA. Our data show that the use of infliximab has not a genotoxic effect in patients with RA.
Introduction
Rheumatoid arthritis (RA) is a long-term disease that leads to inflammation of the joints and surrounding tissues. It can also affect other organs. Anti-tumor necrosis factor (TNF) drugs have proven highly successful in treating RA and have changed the natural history of this disease. The introduction of TNF inhibitors has been accompanied by concerns regarding safety, and in particular the risk of malignancy (NICE 2002) . Tumor necrosis factor a (TNFa) therapy exerts biologic effects on carcinogenesis and tumor progression, the impact of which is incompletely understood but is presumably different for different types of cancer and for different time points during carcinogenesis (Balkwill 2006; Van Horssen et al. 2006; Perkins 2004) . Several studies show increased risk of cancer in patients with RA (Gridley et al. 1993; Mellemkjaer et al. 1996) , whereas other studies have not (Thomas et al. 2000; Esser et al. 2004 ). Cytogenetic parameters, such a chromosome aberrations, sister chromatid exchanges or micronuclei are detectable by cytogenetic analysis of chromosome in metaphase. These endpoint are widely used to assess human exposure to different mutagenic and carcinogenic agents of environmental or internal origin (Albertini et al. 2000) . Many human diseases related to chronic inflammation, such as inflammatory bowel diseases, connective's diseases and different carcinomas show cytogenetic alterations (Cottliar et al. 2000; Kang et al. 1997; Palmer et al. 1987) . In arthritis cytogenetic endpoints were mainly used to evaluate the genotoxicity of certain anti-rheumatic medications (Rantapää Dahlqvist and Nordenson 1996; McCarthy et al. 1998; Shahin et al. 2001; Ramos-Remus et al. 2002; Kageyama et al. 2008) . The aim of this study was to evaluate potential genotoxicity effects of anti-TNF-alpha therapy, infliximab, in patients with RA.
Materials and methods

Subjects
After the Ethical Committee has approved our study, participants were recruited among those reporting to the Unit of Rheumatology in the Department of Clinical and Experimental Medicine at the University of Messina (Messina, Italy). Forty patients (34 females and 6 males; mean age 60.40 ± 4.70 years; mean disease duration 8.40 ± 4.40 years) with RA, diagnosed in according to the criteria of American College of Rheumatology (Arnett et al. 1988) , were involved in this study. Twenty healthy volunteers matched for age, gender and smoking habits served as control group.
All patients were treated with a stable dose of methotrexate (MTX) (15 mg/week) for at least 6 months before and throughout the present study. Twenty patients, randomly selected using a computer-generated randomization sequence, received infliximab in addition to methotrexate (group I), whereas the other 20 patients continued with only methotrexate (group M). Infliximab was administered by intravenous infusion at a dosage of 3 mg/kg at the baseline, then at 2 and 6 weeks, and after that every 8 weeks.
Blood samples and cytogenetic biomarkers assessment All patients underwent general and physical examinations and routine blood and urinary analysis at the baseline, and every 12-weeks of treatment. ESR, CRP, the number of swollen joints and tender joints, and the Disease Activity Score 28 (DAS 28) were measured to evaluate the disease activity in RA. Additionally, at baseline and after 24-weeks, the cytogenetic investigation was performed on the chromosomes obtained from peripheral blood lymphocytes. Heparinized venous blood was obtained during the spring season of the same year. Heparinized whole-blood sample (0.5 mL) was added to 8 mL of RPMI medium, supplemented with 20 % heat-inactivated fetal calf serum, penicillin (200 U/mL) and streptomycin (200 lg/mL). Blood lymphocytes were stimulated with phytohemagglutinin M (final concentration 20 lg/mL) (all materials were from Sigma-Aldrich, Milano, Italy).
Cells were grown in the presence of 5 lg/mL 5-bromodeoxyuridine for 2 cycles of DNA replication (48 h) and protected from light. Cultures were harvested by standard procedures after 5 h of exposure to colcemid (Sigma-Aldrich, Milano, Italy) (0.2 lg/mL). Differential chromatid staining was obtained by a modification of the fluorescence-plus Giemsa procedure methods (Wolff and Perry 1974) using Hoechst 33258 (Sigma). Slides were exposed to light (3 h) and stained in 8 % Giemsa. Sister chromatid exchange frequency was analysed in 50 metaphases of cells randomly selected from each culture. Classic karyotype analyses by G-banding were carried out to identify chromosomal abnormalities. One-hundred metaphase of cells randomly selected spreads per subject were examined for structural and numerical changes. Slides from each culture were randomly numbered and scored ''blind'' in a numerical fashion. The percentage of high frequency cells for each individual was estimated using the pooled distribution of all sister chromatid exchange cell measurement. High frequency cells are cells which display a number of sister chromatid exchanges per cell that is higher than the 95th percentile of the distribution of sister chromatid exchange per cell in the population (Latt 1981) . For each subject, the expected number of high frequency cells (x) was calculated in a binomial distribution to constitute the 95th percentile (Carrano and Moore 1982) by the following equation:
where n is the number of cells scored and p is equal to 0.95. An individual was considered an outlier if the number of high frequency cells obtained was greater then x.
Statistical analyses
Data are given as mean ± SD. The value for pre-and post-treatment measurements of sister chromatid exchange, high frequency cell and chromosomal aberrations were compared using Wilcoxon signed rank test. Pearson's correlation coefficient was calculated to evaluate the correlation between two variables. A P value of 0.05 or less was considered statistically significant, and 95 % CIs were calculated wherever possible. Statistical analysis was performed using StatSoft, Inc. (1995) STATISTICA for Windows. Table 1 shows baseline characteristics of the participants. Standard clinical evaluations and laboratory analyses, including hematological, renal and liver function tests were done every 3 months. All unfavorable and unintended clinical effects were considered adverse effects and were evaluated by the investigators. At baseline sister chromatid exchange rate were statistically significantly higher in all patients groups as compared to healthy controls (P \ 0.05; Table 1), whereas no difference in SCE frequency was detected between infliximab and methotrexate group. Sister chromatid exchange rate in each individual during treatment with infliximab and methotrexate does not show modifications (Table 2) . At baseline mean value of sister chromatid exchanges rate was 7.20 ± 2.21 in the infliximab group and 7.40 ± 1.60 in the methotrexate group; after 24-weeks, it was 7.81 ± 1.95 in the methotrexate group and 7.87 ± 2.54 in infliximab group (P [ 0.05 vs methotrexate and vs baseline). At basal the HFC in infliximab group was 4.6 %, in the methotrexate group was 4.7 % and 1.8 % in the control group; in all groups of patients, the values of HFC were statistically significantly greater than in the controls (P [ 0.05; Table 1 ); after 24-weeks, HFC was 4.7 % in the methotrexate group and 4.9 % in the infliximab group (P [ 0.05 vs methotrexate and vs baseline; Table 2 ). At baseline chromosomal aberration were statistically significantly higher in all patients groups as compared to the healthy controls (P \ 0.05; Table 1), whereas no difference in CA value was detect between the infliximab and methotrexate groups. After 24-weeks, CA value does not showed modifications in the infliximab and methotrexate groups (Table 3) . In a single regression analyses no significant correlation between variables was observed (data not shown).
Results
Three patients had side effects of infliximab group and two patients in methotrexate group discontinued protocol for increase of transaminase.
Discussion
There are two principal findings in this study. First the present study clearly demonstrates that there were statistically significant increases of SCE, HFC and CA frequencies in peripheral lymphocytes of the 40 patients with RA as compared to the 20 age and sexmatched controls. In fact in our patients baseline SCE, HFC and CA were significantly higher in patients than in the matched controls. The mechanism of such changes is not known, but we think it may be due to oxidative stress due to systemic inflammatory disease (Ramos-Remus et al. 2002) . Second, our study revealed that the number of SCE was not increased in peripheral blood lymphocytes of patients with RA treated with infliximab compared to the group treated with only methotrexate. Sister chromatid exchanges is a reciprocal exchange of DNA segments between sister chromatids at identical loci, it is an excellent parameter for monitoring DNA damage and repair aspects (Latt 1981) . It has been used as a test of mutagenity in order to evaluate cytogenetic responses to chemical exposure and it has been reported to be a powerful method for detecting long-term effects of mutagens (Verma and Babar 1989) . Our study showed that infliximab therapy did not increase SCE frequency, these data can exclude cytotoxic damage due infliximab therapy. The significant factors related to the frequency of SCE are age, sex and cigarette smoking. Nevertheless, since there is no difference in age, sex and smoking habits between the two groups, we exclude any interference of these factors. Also, in our study, the increase of cytogenetic biomarkers was independent of disease activity.
The cells with high number of SCE are called ''high frequency cells'' (HFC), and play an important role in detection of chemical exposure (Carrano and Moore 1982) . Therefore, it is recommended that both sister chromatid exchanges and high frequency cell counts should be analyzed. These high frequency cells, which could be due to accumulated persistent damage in certain longlived lymphocytes, might be a valuable indicator of damage from chronic exposure. Furthermore, they might indicate the existence of lymphocyte sub-population with different sensitivities to mutagens. In view of this, Carrano and Moore (1982) suggests that statistical analysis of high frequency cells is more powerful than that based on the sister chromatid exchanges means of individuals. Chromosomal aberrations are changes in normal chromosome structure or number that can occur spontaneously or as a result of chemical/radiation treatment (Russel 2002) . Based on morphological criteria, structural chromosomal aberrations can be divided in two main classes: chromosome type aberrations and chromatid type aberrations. Generations of structural chromosomal aberrations require one or several DNA double-strand breaks, but the mechanism of chromosome type aberrations and chromatid type aberrations formations appear to differ from the mutagen and involve specific DNA repair mechanisms (Hagmar et al. 2004 ). Structural chromosomal aberrations in peripheral blood lymphocytes as assessed by the chromosomal aberrations assay have been used for over 30 years in occupational and environmental settings as a biomarker of early effects of genotoxic carcinogens (Albertini et al. 2000) . Our data showed that infliximab treatment in patients with RA did not increase the sister chromatid exchange mean, high frequency cell counts and chromosome type aberrations and chromatid type aberrations frequency. In fact, in patients treated with infliximab, we did not observe an increase of sister chromatid exchange rate, high frequency cell counts and chromosomal aberrations frequency after 24-weeks of treatment. The study was designed so that each individual served as his/her own control. A baseline level for each biomarker of genetic damage was established prior to treatment with infliximab and the possible effect of treatment on that biomarker was determined after 24-weeks. In addition, several markers of genotoxicity were utilized for each sample to give a more comprehensive measure of any potential genotoxic effect that this drug may have. The risk of cancer introduced with the use of anti-TNF drugs is controversial. In the past year an increase in lymphoma and solid cancers has been reported in RA patients receiving anti-TNF treatment (Munshi et al. 2008) , although a recent meta-analyses of randomized trials and observational studies have not reported an increased overall cancer risk in arthritis patients treated with anti-TNF drugs (Askling et al. 2011) . Thus, we thought that studying DNA damage would reflect a certain aspect of the possible association of the disease and treatment on the risk of malignancy. Recently Demirkaya et al. showed that after an initial improvement at 2 weeks, parameters of genotoxicity worsened, and DNA repair was further impaired 6 months after the addition of anti-TNF agent to treatment (Demirkaya et al. 2010) . The mechanism yet remains obscure. Our study has limitations that must be considered in the interpretation of our finding. First, our study included only a small sample size. Another limitation is not having assessed a third population with an only infliximab treatment but in Italy infliximab must be associated with methotrexate in RA patients. In conclusion these data indicate that infliximab, for 24 weeks of treatment, has no genotoxic effects in patients with RA.
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